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Abstract
This article describes the utilisation of an unsupervised machine learning technique and statistical approaches (e.g., the
Kolmogorov-Smirnov test) that assist cycling experts in the crucial decision-making processes for athlete selection, training,
and strategic planning in the track cycling Omnium. The Omnium is a multi-event competition that will be included in the
summer Olympic Games for the first time in 2012. Presently, selectors and cycling coaches make decisions based on
experience and intuition. They rarely have access to objective data. We analysed both the old five-event (first raced
internationally in 2007) and new six-event (first raced internationally in 2011) Omniums and found that the addition of the
elimination race component to the Omnium has, contrary to expectations, not favoured track endurance riders. We analysed
the Omnium data and also determined the inter-relationships between different individual events as well as between those
events and the final standings of riders. In further analysis, we found that there is no maximum ranking (poorest
performance) in each individual event that riders can afford whilst still winning a medal. We also found the required times for
riders to finish the timed components that are necessary for medal winning. The results of this study consider the scoring
system of the Omnium and inform decision-making toward successful participation in future major Omnium competitions.
Keywords: track cycling Omnium, machine learning, statistical analysis
Introduction
To overcome common decision errors in sports such
as those described in previous work (Fiedler,
Brinkmann, Betsch, & Wild, 2000; Plessner &
Haar, 2006; Plessner, Hartmann, Hohmann, &
Zimmermann, 2001) or to conquer information
processing limitations, some researchers have used
statistical and data mining techniques in modelling a
variety of sports (Bhandari et al., 1997; Brown,
Delau, & Desgorces, 2010; Chen, Homma, Jin, &
Yan, 2007; Edelmann-Nusser, Hohmann, & Henne-
berg, 2002; Lamb, Bartlett, & Robins, 2010;
Johnson, Edmonds, Jain, & Cavasos Jr., 2009;
Pollard & Pollard, 2010; Ransdell, Vener, & Hub-
erty, 2009; Vaz, Rooyen, & Sampaio, 2010; Vezos
et al., 2007).
This work focuses on the Track Cycling Omnium
which is a competition introduced by the
International Cycling Union (UCI) in 2007. It
originally consisted of five individual events, con-
ducted in one day. In December 2009, the UCI
announced changes to the Omnium competition that
took place for the first time in the 2010–2011 track
cycling season and the 2011 World Cycling Cham-
pionships. It will be contested in the Olympic Games
in London in 2012. The new Omnium competition
involves six events, the previous five events plus the
elimination race. It is conducted over two days, in
the following sequence, with the first three events on
the first day: Flying Time Trial (FTT), Points Race
(PR), Elimination Race (ER), Individual Pursuit
(IP), Scratch Race (SR), and Time Trial (TT). The
distances (now also different from the five-event
Omnium) vary between the men’s and women’s
competitions. Each rider in the Omnium scores
points according to their rank in the six individual
events and the rider with the lowest points score
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across all six events (i.e., highest rank) wins the
competition.
The points race, scratch race, and elimination race
events are considered as interactive in-line events
since they involve a direct interaction with opponents
in a racing format and the area of competition is
shared by all competitors simultaneously (other
examples include marathon and track running).
The individual pursuit, flying time trial, and time
trial events are, however, non-interactive series events
that are self-determined and involve the execution of
a skill with maximum expertise (other examples in
this category are gymnastics and diving).
According to a qualitative judgment based on
experience and the prevailing view of cycling
coaches, the flying time trial and time trial compo-
nents require strong sprint capacity whereas certainly
the individual pursuit and points race events are
more favourable to riders with endurance power.
These judgements are based on the known physio-
logical demands of each event and intuition, which is
a powerful and useful source for decision making
(Betsch, 2008).
Given the complexity and variation of the different
individual components (in terms of the involvement
of interactions and intuitively-identified required
capacity) in the Omnium, it is useful to apply
sophisticated data-driven approaches for decision-
making.
A previous study of the five-event Omnium
utilised unsupervised machine learning analysis
(i.e., clustering) and supervised machine learning
analysis (i.e., classification) to find what type of
riders may have the greatest chance of winning the
Omnium races (Ofoghi, Zeleznikow, MacMahon, &
Dwyer, 2010). In the unsupervised analysis, they
used the K-means clustering algorithm to find
average rankings of cyclists in each individual event
that correspond to each final standing in the
Omnium. In the supervised analysis, they made use
of Naive Bayes classifier to classify each data record
(the result of a cyclist in all of the five events) into
one of the predefined categories of the final standing
(i.e., medal winner, non-medal winner ranked
between 4 and 10, and non-medal winner ranked
above 10). Overall, they found that the original
Omnium was considered to favour track sprinters.
This present work, however, proceeds beyond the
old five-event Omnium and focuses on the following
aspects across the old Omnium and the new six-
event Omnium:
. The new six-event Omnium was supposedly
intended to give a greater chance for endurance
riders to compete and win medals in track
cycling (According to Cycling Weekly ‘‘The
format for the Olympic Games Omnium event has
been confirmed by the UCI, with the elimination
race being added to make the competition more
conducive to endurance riders’’; Birnie, 2009). We
analysed the results of new Omnium riders to
understand whether this aim has been achieved.
. We analysed the results of riders to understand
whether there are any inter-relationships be-
tween the rankings of riders in different
individual events as well as between the rank-
ings in individual events and the final standings.
. We analysed the results of riders to find the
minimum performances (maximal rankings) in
each individual event as well as the minimum
and maximum times in the timed events
(individual pursuit, flying time trial, and time
trial) that successful medal-winning riders are
required to achieve.
Finding information to contribute to these areas of
interest and problems can lead to a more effective
decision-making process prior to major new Om-
nium events for athlete selection, training, and
strategic planning regarding the different individual
races in the Omnium.
Methods
We first collected data related to both the old and
new Omnium competitions. The dataset that we
created from the available results online consisted of
the competition results for senior riders since 2007.
Table I shows the numbers of data records for each
gender and Omnium type. Each data record con-
sisted of the ranking of the cyclists in the individual
events as well as the overall final standing of the
riders. We pre-processed this dataset to categorise
the final standings in to three pre-defined classes:
(class-1, FS 1–3) medal winners finishing 1st, 2nd,
and 3rd, (class-2, FS 4–10) non-medal winners
ranked between 4 and 10, and (class-3, FS4 10)
non-medal winners ranked above 10.
To find any shift in terms of required cycling
ability to win the new six-event Omnium as
compared to the old five-event Omnium, there
were two analytical approaches possible:
. Analysing the expertise and cycling strengths
(endurance versus sprint) of medal winners in
Table I. Dataset split by Omnium type and gender.
Gender Omnium type #records
male 5-event 76
6-event 117
female 5-event 42
6-event 125
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the previous Omniums in both formats (i.e.,
five-event and six-event Omniums), and
. Analysing the results of the Omnium medal
winners in terms of their rankings in the
individual events, which require different types
of cycling expertise.
We did not have access to the fitness profiles and
performance strengths of individual riders who have
competed in the Omnium. We therefore did not
know whether to classify a particular rider as a
sprinter or endurance rider. We thus selected the
second approach of focusing on the different events,
which require either endurance or sprint abilities.
We first calculated the mean sprint score (mss) and
mean endurance score (mes) over different Omnium
types (5-event, 6-event) for each gender. We
considered the three categories of final standing
mentioned in the previous section. In an attempt to
calculate the mss and mes measures, we sought the
advice of our in-house cycling expert who qualita-
tively judged the cycling expertise (sprint, endur-
ance) required for each individual event. This
included in-depth consultation and discussion, with
an elite coach with 30 years of experience, to provide
face validity to judgments, and resulted in the
identification of two clear sprint events (flying time
trial, time trial), and two clear endurance events
(individual pursuit, points race). The scratch race is
less clear in terms of sprint or endurance classifica-
tion. We could not get any agreement amongst the
coaches about the relative importance of sprint and
endurance abilities in the scratch race. In order to
maintain a clearer indication of sprint or endurance
performance, it was thus excluded from the calcula-
tion of sprint and endurance requirements. Similarly,
the demands (sprint, endurance) of the elimination
race are unclear and given that it was absent in the
five-event Omnium, we did not include it directly in
our analysis of mes and mss.
This process of analysing the Omnium events for
sprint and endurance abilities resulted in weights of
1.0 and 0.8 for the flying time trial and time trial
events with respect to required sprint ability and
weights of 1.0 and 0.9 for the individual pursuit and
points race events in terms of necessary endurance
power to finish in top places in these events. We
acknowledge the methods we used to determine
sprint and endurance abilities have limitations,
however were chosen as the most appropriate
methods within the information-poor context of
this work.
The mss and mes measures were, therefore,
calculated using Equation 1 and Equation 2 (with
no direct reference to the elimination race and
scratch race events) where Emrank is the mean of the
ranks of riders in the event E (for the specific final
standing category) which was calculated using an
unsupervised machine learning technique, i.e., the
K-means clustering algorithm. Data were first clus-
tered using K-means and then Emrank was taken from
each of the three clusters.
mss ¼ 1:0 FTTmrank þ 0:8 TTmrank
2
ð1Þ
mes ¼ 0:9 PRmrank þ 1:0 IPmrank
2
ð2Þ
We then assessed the statistical significance of any
differences between the mss and mes measures
acquired for different final standing categories and
both genders across the two Omnium types. Since
the numbers of data records in the databases for the
different Omnium types were not the same, we used
the Kolmogorov-Smirnov (KS) statistical test. Alpha
(a) was set to 0.05 to test for significance.
For mss, we calculated Kolmogorov-Smirnov
measures for the flying time trial and time trial
results separately and then the mean of the two
Kolmogorov-Smirnov measures. In the case of mes,
Kolmogorov-Smirnov measures were calculated for
the points race and individual pursuit rankings and
the mean was then calculated.
To analyse the inter-relationships between the
rankings of riders in different individual events as
well as their final standings, we used scatter-plot and
correlation analyses. We first extracted matrices of
scatter plots with the rows and columns including all
the individual events and the final standing results for
both the five-event and six-event Omniums of male
and female riders. Then, we calculated the Pearson
correlation coefficients for the matrices to more
mathematically formulate the inter-relationships.
The Pearson method can be applied here since the
numbers of data records in one Omnium type across
different components are identical.
We used data filtering and regular statistical
measures (average, standard deviation, minimum,
and maximum values) to find the performances in
each individual event as well as the times in the timed
events that successful medal-winning riders have
achieved. We first filtered the Omnium dataset into a
subset of records including only the medal-winning
performances (final standings 1 to 3). Then, the
average, standard deviation, minimum, and max-
imum rankings as well as the scores achieved by
those riders were extracted from the filtered dataset.
The same measures were extracted for the times in
the timed events. Where necessary (as a result of
large standard deviations compared to the means),
we used bootstrapping cross-validation for the means
and standard deviations.
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Results
Table II summarises the results of our mss and mes
calculations for the track cycling Omnium competi-
tions with the old five-event and new six-event
formats.
Comparing the mss measures in Table II, shows
that from the m/5 Omnium to the m/6 Omnium (i.e.,
men’s five-event Omnium to men’s six-event Om-
nium), the mss measure for FS 1–3 (i.e., medal
winning final standings) has decreased (from 4.721
to 3.283). This implies that male riders now need to
have better rankings (higher placings) in the indivi-
dual events that necessitate sprint ability (i.e., flying
time trial and time trial). For female riders, the same
trend, with a smaller difference, can be seen for the
medal winning category, (from 4.491 in f/5 to 4.211
in f/6). However, for other final standing categories
(FS 4–10, and FS4 10), the mss measures have
increased, showing less need for high ranking
performance in these events for both genders.
In terms of the mes measures shown in Table II,
from the m/5 Omnium to the m/6 Omnium, the mes
measure for FS 1–3 has slightly decreased (from
4.579 to 4.244). This shows that slightly greater
endurance ability is required to win a medal for male
riders in the six-event Omnium. For women riders in
the medal winning category, an opposite trend can
be seen (from 4.561 in f/5 to 4.733 in f/6). For other
final standing categories, the mes measures have
increased for both genders, indicating less emphasis
on performance in these events.
The results of the Kolmogorov-Smirnov test
shown in Table III point to the differences between
the five- and six-event Omnium that are statistically
significant. For both males and females, these
significant differences all occur for the tenth place
and above finishes. These results also all show that
there is a propensity for an increase in both sprint
and endurance scores meaning lesser performances
overall for these finishers.
Figure 1 shows the results of the scatter plot
(matrix) analysis of the five-event and six-event
Omniums, respectively, for males. In the five-event
Omnium for male riders, the final standings suggest
that the highest consistency is with the rankings of
riders in the time trial and individual pursuit events,
indicated by an increasing trend in the final standing
as the rankings increase. There are no other
correlations or consistencies found either between
the rankings of riders in the other individual events
and the final standings or between the rankings of
riders in the different individual events.
A confirmation of the results of the male scatter
plots is shown in the form of Pearson correlation
measures in Table IV. In particular, Table IV shows
that there seems to be a significant correlation
between final standing (FS) and time trial (0.7227,
P5 0.0001) and between final standing and indivi-
dual pursuit (0.7267, P5 0.0001) for the male five-
event Omnium. In addition to these findings, this
analysis shows a propensity for a high correlation
between time trial and flying time trial components
(0.7172, P5 0.0001). For the six-event Omnium for
males, there is a correlation between final standing
and time trial (0.7952, P5 0.0001), between final
standing and individual pursuit (0.7739,
P5 0.0001), and between final standing and scratch
race (0.6637, P5 0.0001). In addition to these, this
analysis indicates a high correlation between time
trial and flying time trial components (0.7911,
P5 0.0001).
For female riders, as depicted in Figure 2, the final
standings in the five-event Omnium are shown to
have the highest regularity with the rankings of riders
in the flying time trial, individual pursuit, and time
Table II. Mean sprint score and mean endurance score analysis
over the old and new Omnium formats across gender and
categories of final standing (FS).
Gender/
mss mes
type FS 1–3 FS 4–10 FS410 FS 1–3 FS 4–10 FS410
m/5 4.721 7.103 11.367 4.579 7.310 10.985
m/6 3.283 8.226 13.788 4.244 8.386 14.033
f/5 4.491 6.750 11.303 4.561 6.745 9.988
f/6 4.211 7.176 13.794 4.733 8.432 13.796
Table III. Kolmogorov-Smirnov D-test and P-values for comparing mean sprint scores and mean endurance scores of the old and new
Omnium formats for different genders and categories of final standing.
Gender/type
mss KS-test mes KS-test
FS 1–3 FS 4–10 FS4 10 FS 1–3 FS 4–10 FS4 10
m/5!m/6 D 0.172 0.201 0.383 0.188 0.140 0.346
p 0.957 0.450 0.005{ 0.897 0.847 0.026{
f/5!f/6 D 0.361 0.119 0.441 0.205 0.226 0.472
p 0.425 0.975 0.031{ 0.899 0.423 0.017{
{indicates a significant P-value, 50.05.
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trial individual events. This is again indicated by an
increasing trend in the rankings of riders in those
individual events as the final standing increases. Time
trial and flying time trial rankings are also shown to
have a high consistency with each other. According to
the results of the Pearson correlation analysis shown
Table IV. Pearson correlation analysis (with P-value) of the rankings of male riders in the five-event Omnium (upper triangle) and six-event
Omnium (lower triangle).
FS PR TT IP SR FTT ER
FS 0.4011 0.7227 0.7267 0.5304 0.5209 n/a
0.0003 50.0001 50.0001 50.0001 50.0001
PR 0.5697 70.1223 0.3050 0.3667 70.2743 n/a
50.0001 0.3166 0.0074 0.0021 0.0165
TT 0.7952 0.2124 0.4656 0.0005 0.7172 n/a
50.0001 0.0227 50.0001 0.996 50.0001
IP 0.7739 0.4015 0.7177 0.2715 0.1935 n/a
50.0001 50.0001 50.0001 0.0251 0.0939
SR 0.6637 0.6353 0.3038 0.4366 70.0292 n/a
50.0001 50.0001 0.0011 50.0001 0.8129
FTT 0.6522 0.0651 0.7911 0.4885 0.2026 n/a
50.0001 0.4894 50.0001 50.0001 0.0313
ER 0.5914 0.2561 0.4104 0.2466 0.2809 0.4342
50.0001 0.0057 50.0001 0.0074 0.0026 50.0001
Figure 2. Scatter matrices for the rankings of female riders in the five-event Omnium (left) and six-event Omnium (right).
Figure 1. Scatter matrices for the rankings of male riders in the five-event Omnium (left) and six-event Omnium (right).
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in Table V, flying time trial rankings appear to be
most correlated with the final standings (0.7334,
P5 0.0001). This is followed by the high correlations
between individual pursuit and time trial rankings
and the final standings (0.6725, P5 0.0001 and
0.6525, P5 0.0001, respectively). The flying time
trial and time trial rankings are the most highly
correlated rankings (0.8028, P5 0.0001).
In comparison, as also shown in Figure 2, the final
standings in the six-event Omnium for women are
shown to have the highest regularity with the rankings
of riders in the flying time trial and individual pursuit
events. Among other pairs of individual events, time
trial and flying time trial rankings are shown to have
the highest consistency with each other. According to
the results of the Pearson correlation analysis shown in
Table V, flying time trial rankings are most correlated
with the final standings (0.8280, P5 0.0001) for
women. This is followed by the high correlations
between the final standing and individual pursuit
rankings (0.7605, P5 0.0001). The flying time trial
and time trial rankings are the most strongly correlated
rankings (0.7482, P5 0.0001).
Table VI summarises the results of our analysis of
Omnium data to find the (minimum) performances
in each individual event that successful medal-
winning riders have achieved. This table also shows
the minimum and maximum overall scores of medal
winners for every Omnium category m/5, f/5, m/6,
and f/6. It shows that every individual event has been
won (finished in 1st place) by at least a medal winner.
This is indicated by the minimum ranking of 1 in all
of the individual events for all Omnium categories.
The maximum column shows that the worst
performance (maximum) that Omnium riders can
afford in the different individual events while still
winning a medal does not follow a regular pattern.
For the men’s five-event Omnium, there has been a
medal winner who finished the scratch race
component in 16th place which is a relatively poor
performance, considering a maximum of 24 riders
competing in the Omnium. For the women’s five-
event Omnium the worst performance has been by a
medal winner who finished the points race individual
event in 11th position. In the six-event Omnium,
men’s poorest performance in one event belongs to a
rider who finished the points race 16th and the
women’s maximum ranking in one event relates to a
medal winner who came 19th in the elimination race.
Table V. Pearson correlation analysis (with P-value) of the rankings of female riders in the five-event Omnium (upper triangle) and six-event
Omnium (lower triangle).
FS PR TT IP SR FTT ER
FS 0.4006 0.6525 0.6725 0.3134 0.7334 n/a
0.0094 50.0001 50.0001 0.0860 50.0001
PR 0.5959 70.1939 0.1588 0.2187 70.0291 n/a
50.0001 0.2795 0.3214 0.2456 0.8566
TT 0.6608 0.1606 0.4210 70.1383 0.8028 n/a
50.0001 0.0747 0.0131 0.4581 50.0001
IP 0.7605 0.5743 0.5227 70.1491 0.4606 n/a
50.0001 50.0001 50.0001 0.4232 0.0021
SR 0.6907 0.2762 0.3151 0.3266 70.1278 n/a
50.0001 0.0019 0.0004 0.0002 0.4932
FTT 0.8280 0.3021 0.7482 0.6006 0.4573 n/a
50.0001 0.0006 50.0001 50.0001 50.0001
ER 0.6296 0.3250 0.1851 0.2719 0.5640 0.4174
50.0001 0.0002 0.0395 0.0022 50.0001 50.0001
Table VI. Rank and score analysis by gender of medal-winning
riders in different Omnium competitions.
Competition Variable Mean Std. Dev. Min Max
m/5 PR 5.7333 4.3501 1 14
TT 4.1666 3.3799 1 11
IP 4.0000 2.3299 1 8
SR 5.7500 5.0475 1 16
FTT 5.3333 3.5186 1 13
Score 22.6666 7.9696 11 37
m/6 PR 5.1111 3.9688 1 16
TT 3.0000 1.5718 1 6
IP 3.8888 3.3761 1 14
SR 5.8888 4.0712 1 12
FTT 4.1666 2.8952 1 12
ER 6.0555 4.6963 1 15
Score 30.8000 6.6783 15 41
f/5 PR 5.4444 3.7118 1 11
TT 6.0000 3.2249 1 9
IP 4.2222 2.9059 1 9
SR 5.3333 3.2659 1 9
FTT 3.5555 1.8104 1 6
Score 21.6666 7.2018 11 27
f/6 PR 5.8888 3.1972 1 13
TT 6.7777 5.0474 1 16
IP 4.1666 3.2403 1 10
SR 3.9444 2.7110 1 10
FTT 3.0000 1.5339 1 6
ER 4.7777 4.9056 1 19
Score 30.4666 9.7531 9 42
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Comparing the standard deviations and means in
Table VI suggested a bootstrapping of the results may
be necessary to cross-validate the outcomes. There-
fore, we extracted random subsets from the m/5, f/5,
m/6, and f/6 datasets. The sampling rate was 75% and
the number of random subsets was 50 for each
dataset. The results of the bootstrapping cross-
validation task for the mean and standard deviations
in Table VI are shown in Table VII. As shown in this
table, the findings on the original datasets are
consistent with the average means and average
standard deviations in the random subsets. On the
other hand, standard deviation of means and stan-
dard deviation of standard deviations on the random
subsets are shown to be small. These results indicate
that the relatively large coefficients of variation in our
original dataset do not compromise the robustness of
our findings.
Table VIII, in general, provides the times that
male and female cyclists might need to obtain to
perform well in the individual pursuit, time trial and
flying time trial components to win a medal in the
six-event Omnium.
The results of this analysis show that for both male
and female riders, the required time span in the
flying time trial component for medal winning is very
narrow (13.0600–13.7600s for men and 14.2800–
14.9300s for women) and this is the result of the
highly competitive nature of this short-distanced
component. In contrast, the range for the individual
pursuit is much larger (263.0700–275.0500s for men
and 210.2200–226.1600s for women).
Discussion
The results of this work indicate that, to win a medal
in the new six-event Omnium, men need to achieve
better performances in both sprint and endurance
events. Women need to perform slightly better in the
sprint events, while allowing a slight decrease in their
performance in the endurance events. This means
that the overall effect of adding the elimination race
event has been to make the Omnium more difficult
for riders (especially for male riders) to win a medal.
However, our analysis also shows that, the contribu-
tions of sprinting and endurance are not the same
with the addition of the elimination race, given
differences between the mss and mes measures across
the two types of the Omnium (refer to Table I). In
general, then, although most statistical test results
are not significant, the addition of the elimination
race event to the Omnium seems to have failed to
achieve the goal of bringing more opportunity of
medal winning to endurance riders, according to this
data and our analysis. This is an important observa-
tion for elite and Olympic-level competitors to
understand the potential impacts of the addition of
the elimination race to the Omnium.
Further, our analyses seem to suggest that in
general, considering both formats of the Omnium,
success in the time trial and individual pursuit
components are most correlated with success in the
Omnium for male riders. For female cyclists,
however, flying time trial and individual pursuit are
the components that are highly correlated with the
overall Omnium ranking. While for both genders and
both formats of the Omnium flying time trial and
Table VII. Bootstrapping cross-validation of statistical mean and
standard deviation of Omnium medal-winning performances.
Mean (x) and Std. Dev. (x) show the average of measure ‘‘x’’
and standard deviation of measure ‘‘x’’ for each variable over the
different random subsets of the original datasets, respectively.
Competition Variable
Mean
(Mean)
Mean
(Std.
Dev.)
Std.
Dev.
(Mean)
Std.
Dev.
(Std. Dev.)
m/5 PR 5.7046 4.3165 0.5934 0.4388
TT 4.2202 3.3551 0.5844 0.5458
IP 4.0208 2.2990 0.3079 0.3184
SR 5.6540 4.9879 0.6733 0.6754
FTT 5.4240 3.5816 0.5271 0.3260
Score 22.7435 7.8475 1.2240 1.1376
m/6 PR 5.2094 3.9142 0.6267 0.6225
TT 2.9747 1.5776 0.1940 0.1462
IP 3.8478 3.2569 0.5002 0.7003
SR 6.0099 4.0734 0.5358 0.2834
FTT 4.1397 2.8683 0.3987 0.4486
ER 6.0990 4.6885 0.4980 0.3692
Score 30.7430 6.5312 1.2032 1.0584
f/5 PR 5.4483 3.6740 0.8356 0.4542
TT 5.9723 3.2762 0.5765 0.4669
IP 4.3571 2.8166 0.7449 0.6375
SR 5.4223 3.2514 0.6826 0.3412
FTT 3.5814 1.8362 0.3185 0.2284
Score 21.8150 6.2743 2.8468 2.4466
f/6 PR 5.9375 3.1821 0.4749 0.3307
TT 6.9089 5.1048 0.6986 0.4094
IP 4.2397 3.2715 0.4419 0.2196
SR 3.9623 2.6665 0.4266 0.3105
FTT 2.9435 1.5147 0.2425 0.1253
ER 4.8133 4.9318 0.7318 0.6814
Score 30.5536 9.6799 1.5222 1.2292
Table VIII. Time analysis by gender of medal-winning riders in
six-event Omnium competitions (all times are in seconds).
Competition Variable Mean
Std.
Dev. Min Max
m/6 FTT time 13.3919 0.1987 13.0600 13.7600
IP time 269.1833 3.6416 263.0700 275.0500
TT time 63.7423 0.8830 61.7700 64.7800
f/6 FTT time 14.5980 0.1738 14.2800 14.9300
IP time 218.0400 4.9565 210.2200 226.1600
TT time 36.6395 0.7771 35.3800 38.2800
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time trial rankings are shown to be very much
correlated, there seems to be no evidence that the
new elimination race component is related to any of
the other individual events in the Omnium. This
makes the Omnium even more unpredictable in
terms of medal winning for elite athletes. It is also
reflective of the lack of experience in the elimination
race as a new event; predictability of performance
patterns is expected to increase with exposure to this
event, and a greater understanding of performance
patterns. To this end, our lab is currently investigat-
ing the elimination race to understand performance
patterns within this event, which will contribute to
greater understanding of the Omnium as a whole.
The good news for athletes is that the results of the
analyses of minimum and maximum performances in
individual events show that almost no matter what
the worst ranking an Omnium rider achieves in one
single individual event is, they may still win a medal.
Moreover, the overall maximum score of male medal
winners has changed from the five-event Omnium to
six-event Omnium much less (37 to 41) compared to
changes to the maximums for women (27 to 42).
What this indicates is that the addition of the new
elimination race component to the Omnium has not
drastically changed the overall score required for
men to win a medal (41–37¼ 4 points) but for
women there is now a 42–27¼ 15 point gap.
Considering that the six-event Omnium maximums
for women are now only one rank different to men,
and are now also much higher, this may indicate that
the women’s competition has become more strategic
with the addition of the elimination race, similar to
the men’s competition; that is, this larger range of a
maximum rank of 42 may indicate that women now
use greater compensations between the effort ex-
pended between events.
Conclusion
We analysed the two formats of the track cycling
Omnium, namely the old five-event and new six-
event Omniums, to shed light on performance
aspects of this sport.
We first found that contrary to the initial intuition
and intention of introducing the new six-event
Omnium, the new Omnium does not seem to favour
endurance riders more than sprinters. The statistical
significance and differences between sprint and
endurance scores of both Omnium formats are not
large and there is even slightly more emphasis on
sprint ability in the six-event Omnium.
We also found that the rankings of riders in the
time trial and individual pursuit events appear to be
most correlated with the overall final standings of
male riders whereas success in flying time trial and
individual pursuit is most correlated with the success
in the Omnium as a whole for female riders.
According to this analysis, also, there is a propensity
for flying time trial and time trial individual events to
be the most correlated individual events. Altogether,
the correlation analysis suggests that Omnium riders
may put more emphasis on the non-interactive series
events (i.e., flying time trial, time trial, and individual
pursuit) to maximise success. The new elimination
race component was shown to have no correlation
with the final standing or any other individual event
in the Omnium so far.
Our analysis on the maximum rankings of medal-
winning riders and their scores showed that there is
no regular obvious pattern in the worst performance
that riders may afford in each individual event while
still winning a medal. That is, as long as riders can
achieve an overall score up to a certain point (41 for
m/6 and 42 for f/6), almost no matter what worst
ranking they achieve in one single individual event,
they may still win a medal.
The time analysis of the timed components of the
six-event Omnium also shed light on the required
finish times in these components that are necessary
for medal winning. These are significant contribu-
tions to planning for this sport.
These unprecedented findings may assist selectors,
coaches, and cyclists with more informed and en-
hanced decision-making that may lead to success in the
future major Omnium competitions at the elite level.
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